Attenuated mild colonic inflammation and improved survival from severe DSS-colitis of transgenic Cu/Zn-SOD mice.
Mucosal tissue damage in chronic inflammatory bowel disease (IBD) is partly caused by an enduring exposure to excessive amounts of reactive oxygen metabolites (ROM). To protect themselves from the toxic effects of ROM, most intestinal cell types constitutively express the highly specific, key ROM-neutralizing cytosolic enzyme Cu/Zn-superoxide dismutase (SOD). Under inflammatory conditions, however, its protein and activity levels have consistently been reported as being decreased. To elucidate a direct functional relationship between intracellular Cu/Zn-SOD expression and intestinal inflammation, we investigated the effects of transgenic human Cu/Zn-SOD overexpression in acute and chronic murine dextran sodium sulfate (DSS)-induced colitis. When subjected to a mild form of acute colitis, the Cu/Zn-SOD overexpressing mice showed a significantly lower colonic activity of neutrophilic myeloperoxidase (MPO) than their nontransgenic littermates. This difference was particularly evident in the male animals. In contrast, a severe acute colitis did not lead to any differences in MPO activity between both groups. Yet, when the animals were subsequently allowed to recover, MPO levels were again significantly lower in the transgenes, suggesting an involvement of Cu/Zn-SOD in, particularly, the clearance of neutrophils. Specific, immunohistochemical identification of neutrophils confirmed the validity of the MPO activity measurements. In addition, transgenic animals showed a remarkable survival benefit from severe DSS colitis over their nontransgenic littermates, particularly during or shortly after the acute inflammatory phase. During the chronic inflammatory phase, which was not characterized by massive neutrophil infiltration, no effects of Cu/Zn-SOD overexpression were noted. Paradoxically, overexpression of Cu/Zn-SOD did not obviously improve the colitis-related (oxidative) injury or symptoms at any stage of the experiment. Surprisingly, however, we did observe a pronounced male gender preference for DSS susceptibility that was reflected by increased male colitis mortality. Our findings provide direct in vivo evidence for a protective, neutrophil-related role for Cu/Zn-SOD in intestinal inflammation. As such, they support the concept of SOD-based (adjunct) antioxidant treatment strategies for inflammatory bowel disease.